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(57) Abstract 

A telemetered characteristic monitor system includes a remotely located data receiving device, a sensor for producing signal indicative 
of a characteristic of a user, and a transmitter device. The transmitter device includes a housing, a sensor connector, a processor, and a 
transmitter. The transmitter receives the signals from the sensor and wirelessly transmits the processed signals to the remotely located data 
receiving device. The processor coupled to the sensor processes the signals from the sensor fOT transmission to the remotely located data 
receiving device. The data receiving device may be a characteristic monitor, a data receiver that provides data to another device, an RF 
programmer for a medical device, a medicaaon delivery device (such as an infusion pump), or die like. 
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TELEMETERED CHARACTERISTIC MONITOR SYSTEM 
This application claims priority on U.S. Provisional Application Serial No. 60/103,812 
filed on October 8, 1998 and U.S. Patent Application Serial No. 09/377,472 filed on August 
19, 1999, which is specifically incoiporated by reference herein. 

5 

FTFI n HP THP. INVENTION 

This invention relates to telemetered subcutaneous sensor devices and, in particular 
embodiments, to devices and methods for wireless conmuinication between an iiiq>lantable 
subcutaneous sensor set at a selected insertion site within the body of a user and a remotely 
10 located characteiistic monitor. 

BACKGROUND OF THE INVENTION 

Over the years, a variety of implantable dectrochemical sensors have been developed 
for detecting and/or quantifymg specific agents or cocq)ositions in a patient's blood. For 

IS instance, glucose sensors have been developed for use in obtaining an in^cation of blood 
glucose levels in a diabetic patient Such readings are useful in monitoring and/or adjusting a 
treatment regimen which typically includes the regular adntinistration of insulin to die patient 
Thus, blood glucose readings inqnove medical tiien^ies witii semi-automated medication 
infusion pumps of the extemal type, as gently described in U.S. Patent Nos. 4,562,751; 

20 4,678,408; and 4,685,903; or automated implantable medication infusion pun^s, as generally 
described in U.S. Patent No. 4,573,994, which axe herein incoiporated by r^eience. 

Generally, small and flexible electrochemical sensors can be used to obtam periodic 
readings over an extended period of time. In one form, flexible subcutaneous sensors are 
constructed in accordance with thin film mask techniques in which an elongated sensor 

25 includes thin film conductive elements encased between flexible insulative layers of 

polyimide sheets or similar material. Such thin film sensors Qrpically include a plurali^ of 
exposed electrodes at one end for subcutaneous placement with a user's interstitial fluid, 
blood, or the like, and a corresponding e)q>osed plurality of conductive contacts at another end 
for convenient extemal electrical connection witii a suitable monitoring device tiuough a wire 

30 or cable. Typical thin fihn sensors are described in commonly assigned U.S. Patent Nos. 
5,390,671; 5,391,250; 5,482,473; and 5.586,553 which are incorporated by reference herein. 
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See also U.S. Patent No. 5,299,571. 

Drawbacks to the use of implantable sensors arise from the use of a wired connection 
between the implantable sensor set and the monitor. The use of the wire or cable is an 
additional inconvenience to users that already utilize an external infusion pump that includes 

5 an infusion insertion set and tube to infuse the medication. Also, the prefened site for some 
sensing device may be inconvenient for connection by wire to a characteristic monitor. For 
implantable pumps, the wire or cable negates the very benefit of having an internal device 
without extemal wires or cables. For Type 2 diabetics, who do not necessarily need or use an 
infusion pump, the use of a cable is seen as an inconvenience that may inhibit use of the 

1 0 device. In addition, the use of a wire or cable limits a user's ability to position the monitor, 
since it can be placed no farther away than the ultimate length of the wire or cable. Thus, the 
user must normally wear the monitor, which can be problematic. For example, removal of die 
monitor for sleeping can be difficult, since a user would tend to become •tangled" in die wire 
or cable, between the sensor and the monitor, during the normal tossing and turning that 

1 5 occurs during sleep. Furthermore, the more connections the us&c must deal with (e.g„ 

infusion pump and catheter and/or monitor with wire to sensor), the more complicated it is to 
use the devices, and the less likely the user will maintain compliance with die medical 
regimen due to perceived and actual difficulties with all of the wires and cables. 

20 SUMMARY OF THE DISCLOSURE 

It is an object of an embodiment of the present invention to provide an improved 
telemetered implantable sensor set (such as a subcutaneous or percutaneous sensor) and 
monitor connection device, whidi obviates for practical purposes, the above mentioned 
limitations. 

25 According to an embodiment of the invention, a telemetered diaracteristic monitor 

system includes a remotely located data receivmg device, a sensor for producing signal 
indicative of a characteristic of a user, and a transmitt^ device. In preferred embodiments, 
the transmitter device includes a housing, a sensor contiector, a processor, and a transmitter. 
A potentiostat within the transmitter device may be coupled to the sensor connector and 

30 applies power to the sensor. The sensor connector recdves the produced signals from tiie 
sensor. The processor is coupled to die sensor connector and processes the signals from the 
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sensor for delivery to the remotely located data receiving device. The transmitter is coupled to 
the processor for whrelessly transmitting the processed signals to the remotely located data 
receiving device. In preferred embodiments, the data receiving device is a characteristic 
monitor. However, in other embodiments, the data receiving device is a data receiver that 

S provides data to another device, an RFprograinmer, a medication delivery device (such as an 
infusion pump), or the like. 

In particular embodiments, the transmitter of the transmitter device transmits the 
processed signals by radio frequencies. In other embodiments, the sensor may be implanted in 
and/or through subcutaneous, dermal, sub-dermal, intra-peritoneal or peritoneal tissue, and the 

10 sensor connector of the transmitter device includes a cable that is connected to the sensor. 
Also, the implantable sensor can be configured for a wired connection to a characteristic 
monitor, and the sensor connector of the transmitter device is formed to connect to the 
configured inq)lantable sensor. Still fiirdier embodiments of the transmitter device include a 
receiver to receive data and instructions from the diacacteristic monitor, or the like. 

IS Embodiments of the transmitter device (when used with a subcutaneous or 

percutaneous sensor) may Include a bio-compatible adhesive to secure the housing to a skin 
surface of the user. Preferably, the housing of die transmitt^ device is less than about 3.0 
inches in diamet^ by 0.S inches thick. In addition, the housing is resistant to fluids when 
immersed in a fluid, operable in a temperature range of 0°C to SOX, and has an operable life 

20 of at least 3 months. If the sensor is fully implanted, the transmitter that is connected to the 
sensor may be secured by sutures, sewing rings, or the like. 

Other features and advantages of the invention will become q>parent from die 
following detailed description, taken iti conjunction widi the accoinpanying drawings which 
illustrate, by way of example, various features of embodiments of the invention. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

A detailed description of embodiments of the invention will be made with reference to 
die accompanying drawings, wherein like numerals designate corresponding parts in the 
several figures. 

30 Fig. 1 is a is a perspective view illustrating a subcutaneous sensor insertion set and 

telemetered characteristic monitor transmitter device embodying die novel features of the 
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invention; 

Fig. 2 is an enlarged longitudinal vertical section taken generally on the line 2-2 of Fig. 

1; 

Fig. 3 is an enlarged longitudinal sectional of a slotted insertion needle used in the 
5 insertion set of Figs. I and 2; 

Fig. 4 is an enlarged transverse section taken generally on the line 44 of Fig. 3; 

Fig. 5 is an enlarged transverse section taken generally on the line 5-5 of Fig. 3; 

Fig. 6 is an enlarged fragmented secdonal view corresponding generally with the 
enckcled region 6 of Fig. 2; and 
10 Fig. 7 is an enlarged transverse section taken generally on the line 7-7 of Fig. 2. 

Fig. 8(a) is a top plan and partial cut-away view of the telemetered characteristic 
monitor transmitter device in accordance with the embodiment shown in Fig, !• 

Fig. 8(b) is a simplified block diagram of the printed circuit board of ttie telemetered 
characteristic monitor transmitter device m accordance with the embodunents shown in Fig. 1. 
15 Fig. 9 is a timing diagram illustrating an embodiment of a message and timing format 

used by the telemetered characteristic monitor transniitter device shown in Fig. 1. 

Fig. 1 0 is a simplified block diagram of a characteristic monitor used in accordance 
with an embodiment of the present invention. 

Fig. 1 1 is a timing diagram for the characteristic monitor shown in Fig. 10. 
20 Fig. 12 is another timing diagram for tiie characteristic monitor shown m Fig. 10. 

Fig. 13 is a simplified block diagram of a telemetered characteristic monitor 
transmitter and sensor set system in accordance with anotiier embodiment of the present 
invention. 

Fig. 14 is a simplified block diagram of a telemetered characteristic monitor 
25 transmitter and characteristic monitor system in accordance witii still another embodiment of 
the present invention. 

DETAILED DESCRIPT ION OF THE PREFERRED EMBODIMENTS 

As shown in the drawings for purposes of illustration, the invention is embodied in a 
30 telemetered characteristic monitor transmitter coupled to a sensor set. that may be implanted 
in and/or tiirough subcutaneous, dermal, sub-dermal, inter-peritoneal or peritoneal tissue, tiiat 
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transmits data from the sensor set to the characteristic monitor for determining body 
characteristics. In preferred embodiments of the present invention, the sensor set and monitor 
are for determining glucose levels in the blood and/or body fluids of the user without the use 
of, or necessity of, a wire or cable connection between the transmitter and the monitor. 
5 However, it will be recognized that further embodiments of the invention may be used to 
determine the levels of other agents, characteristics or compositions, such as hormones, 
cholesterol, medication concentrations, pH, oxygen saturation, viral loads (e.g., HIV), or the 
like. In other embodiments, the sensor set may also include the capabili^ to be programmed 
or calibrated using data received by the telemetered characteristic monitor transmitter device, 

10 or may be calibrated at the monitor device (or receiver). The telemetered characteristic 
monitor system is primarily adapted for use in subcutaneous human tissue. However, still 
further embodiments may be placed in other types of tissue, such as muscle, lymph, organ 
tissue, veins, arteries or the like, and used in animal tissue. Embodiments may provide sensor 
readings on an intermittent or continuous basis. 

15 The telemetered characteristic monitor system 1, in accordance with a preferred 

embodiment of the present mvention uiclude a percutaneous sensor set 10, a telemetered 
characteristic monitor transmitter device 100 and a dharacteristic monitor 200. The 
percutaneous sensor set 10 utilizes an electrode-type sensor, as described in more detail 
below. However, in alternative embodiments, the system may use other types of sensors, such 

20 as chemical based, optical based or the like. In further alternative embodiments, the sensors 
may be of a type tiiat is used on the external surface of the skin or placed below the skm layer 
of the user. Preferred embodiments of a surface mounted sens(»r would utilize interstitial fluid 
harvested from underneath the skin. The telemetered charact^istic monitor transmitter 100 
generally includes the C2q>ability to transmit data. However, in alternative embodiments, the 

25 telemetered characteristic monitor transmitter 100 may include a receiver, or the like, to 
facilitate two-way communication between the sensor set 10 and the characteristic monitor 
200. The characteristic monitor 200 utilizes the transmitted data to determine die 
characteristic reading. However, in alternative embodiments, the characteristic monitor 200 
may be replaced witii a data receiver, storage and/or transmitting device for later processing of 

30 the transmitted data or programming of the telemetered characteristic monitor transmitter 1 00. 

In addition, a relay or repeater 4 may be used with a telemetered characteristic monitor 
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transmitter 100 and a characteristic monitor 200 to increase the distance that the telemetered 
characteristic monitor transmitter iOO can be nsed with the characteristic monitor 200, as 
shown in Fig. 1 3. For example, the relay 4 could be used to provide information to parents of 
children using the telemetered characteristic monitor transmitter 100 and the sensor set 10 
5 from a distance. The information could be used when chfldren are in another room during 
sleep or doing activities in a location remote iBrom the parents. In further embodiments, the 
relay 4 can include the capability to sound an alarm. In addition, the relay 4 may be enable 
of providing telemetered characteristic monitor transmitter 100 data from the s^or set 10, as 
well as other data, to a remotely located individual via a modem connected to the relay 4 for 

10 display on a monitor, pager or the like. The data may also be downloaded through a 

Communication-Station 8 to a remotely located computer 6 such as a PC, lq> top, or the like, 
over communication lines, by modem or wireless connection, as shown in Fig, 14. Also, 
some embodiments may omit the Communication Station 8 and uses a direct modmi or 
wireless connection to the computer 6. In furtfier embodiments, the telemetered characteristic 

1 5 monitor transmitter 100 transmits to an RF programmer, which acts as a relay, or shuttle, for 
data transmission between the sensor set 10 and a PC, laptop. Communication-station, a data 
processor, or the like. In further alternatives, the telemetered characteristic monitor 
transmitter 100 may transmit an alarm to a remotely located device, such as a communication- 
station, modem or the like to summon help. In addition, further embodiments may include the 

20 capability for simultaneous monitoring of multiple sensors and/or include a sensor for 
multiple measurements. 

Still further embodiments of tiie telemetered characteristic monitor transmitter 100 
may have and use an input port for direct (e.g., wired) connection to a programhiing or data 
readout device and/or be used for calibration of tiie sensor set 10. Preferably, any port would 

25 be water proof (or water resistant) or include a water proof, or wat^ resistant, removable 
cover. 

The purpose of the telemetered characteristic monitor system 1 (see Fig, 2) is to 
provide for better treatment and control in an outpatient or a home use environment. For 
example, the monitor system 1 can provide indications of glucose levels, a 
30 hypoglycemia/hyperglycemia alert and outpatient diagnostics. It is also useful as an 
evaluation tool under a physician's supervision. 
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The monitor system 1 also removes inconvenience by separating the monitor 
electronics into two separate devices; a telemetered characteristic monitor transmitter 100, 
which attaches to the implantable sensor set 10; and a characteristic monitor 200 (or other 
receiver), which is carried like a pagen This provides several advantages over wire connected 

5 devices. For instance, the user can more easily conceal the presence of the monitor system 1, 
since a wire will not be visible (or cumbersome), within clothing. Such remote 
communication also provides greater convenience and flexibility in the placement of the 
sensor. It also makes it is easier to protect the characteristic monitor 200^ which can be 
removed from the user's body during showers, exercise, sleep or the like. In addition, the use 

10 of multiple con^onents (e.g., transmitter 100 and cliaracteristic monitor 200) facilitates 

upgrades or replacements, since one module or the other can be modified or replaced without 
requiring complete replacement of the monitor system L Further, the use of multiple 
components can improve the economics of manufacturing, since some components may 
require replacement on a more firequent basis, sizing requirements may be different for each 

IS module, there may be differ^t assembly environment requirements, and modifications can be 
made without affecting the oth^ components. 

Hie telemetered characteristic monitor transmitter 100 takes characteristic 
information, such as glucose data or the like, from die percutaneous sensor set 10 and 
transmits it via wireless telemetry to the characteristic monitor 200, which displays and logs 

20 the received glucose readings. Logged data can be downloaded from the characteristic 

monitor 200 to a perscHial computer, Is^top, or the Hke, for detailed data analysis. In further 
embodiments, the telemetered characteristic monitor system 1 may be used in a hospital 
environment or the like. Still further embodiments of the present invention may include one 
or more buttons (on the tdemetered characteristic monitor transmitter 100 or characteristic 

2S monitor 200) to record data and events for later analysis, correlation, or the like. In addition, 
the telemetered characteristic monitor transmitter 100 may include a transmit on/off button for 
compliance with safety standards and regulations to temporarily suspend transmissions. 
Further buttons can include a sensor on/off button to conserve power and to assist in 
initializing the sensor set 10. The telemetered characteristic monitor transmitter 100 and 

30 characteristic monitor 200 may also be combined with odier medical devices to combine other 
patient data through a conomon data network and telemetry system. 
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Further embodiments of the percutaneous sensor set 10 would monitor the temperature 
of the sensor set 10, which can then be used to improve the calibration of the sensor. For 
instance, for a glucose sensor, the enzyme reaction activity may have a known temperature 
coefficient. The relationship between temperature and enzyme activity can be used to adjust 
5 the sensor values to more accurately reflect the actual characteristic levels^ In addition to 
temperature measurements, the oxygen saturation level can be detemiined by measuring 
signals from the various electrodes of the sensor set 10. Once obtained, the oxygen saturation 
level may be used in calibration of the sensor set 1 0 due to changes in the oxygen saturation 
levels, and its effects on the chemical reactions in the sensor set 10. For instance, as die 

10 oxygen level goes lower the sensor sensitivity may be lowered. The oxygen level can be 
utilized in calibration of the sensor set 10 by adjusting for the changing oxygen saturation. In 
alternative embodiments, temperature measurements may be used in conjunction with other 
readings to determine the required sensor calibration. 

As shown in Figs. 1-7, a percutaneous sensor set 10 is provided for subcutaneous 

15 placement of an active portion of a flexible sensor 12 (see Fig, 2), or the like, at a selected site 
in the body of a user. The subcutaneous or percutaneous portion of the sensor 10 includes 
a hollow, slotted insertion needle 14, and a cannula 16. The needle 14 is used to facilitate 
quick and easy subcutaneous placement of the cannula 16 at tiie subcutaneous msmion site. 
Inside the cannula 16 is a sensing portion 18 of the sensor 12 to expose one or more sensor 

20 electrodes 20 to the user's bodily fluids through a window 22 formed in the cannula 16. Aftor 
insertion, the insertion needle 14 is withdrawn to leave the cannula 16 with the sensing 
portion 18 and the sensor electrodes 20 in place at the selected uisertion site. 

In preferred embodiments, the pfercutaneous sensor set 10 facilitates accurate 
placement of a flexible thin film electrochemical sensor 12 of the type used for monitoring 

25 specific blood parameters representative of a user's condition. Preferably, the sensor 12 

monitors glucose levels in the body, and may be used in conjunction with automated or semi- 
automated medication infusion pumps of flie external or implantable type as described in U.S. 
Pat. Nos. 4,562,751; 4,678.408; 4.685,903 or 4.573,994, to control delivery of insulin to a 
diabetic patient. 

30 Preferred embodiments of the flexible electrochenucal sensor 12 arc constructed in 

accordance with thm film mask techniques to include elongated thin film conductors 
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embedded or encased between layers of a selected insulative material such as polyimide film 
or sheet, and membranes. The sensor electrodes 20 at a tip end of the sensing portion 1 8 are 
exposed through one of the insulative layers for direct contact with patient blood or other body 
fluids, when the sensing portion 18 (or active portion) of the sensor .12 is subcutaneously 
5 placed at an insertion site. The sensing portion 18 is joined to a connection portion 24 (see 
Fig. 2) that terminates in conductive contact pads, or the like> which are also exposed through 
one of the insulative layers. In alternative embodiments^ other types of implantable sensorSt 
such as chemical based» optical based, or the like, may be used. 

As is known in the art, and illustrated schematically in Fig. 2, the connection portion 

10 24 and the contact pads are generally adapted for a direct wired electrical connection to a 
suitable monitor 200 for monitoring a user*s condition in response to signals derived from the 
sensor electrodes 20. Further description of flexible thin film sensors of this general type are 
be found in U.S. Patent No. 5,391,250, entitled METHOD OF FABRICATING THIN FILM 
SENSORS, which is herein incorporated by reference. The connection portion 24 may be 

1 5 conveniently connected electrically to the monitor 200 or a telemetered characteristic monitor 
transmitter 100 by a connector block 28 (or the like) as shown and described in U,S. Pat No. 
5,482,473, entiUed FLEX CIRCUIT CONNECTOR, which is also herein incorporated by 
refmnce. Hius, in accordance with embodiments of the present invention, subcutaneous 
sensor sets 10 are configured or formed to work with either a wked or a wireless characteristic 

20 monitor system. 

The proximal part of the sensor 12 is mounted in a mounting base 30 adapted for 
placement onto the skin of a user. As shown, the mounting base 30 is a pad having an 
underside surface coated with a suitable pressure sensitive adhesive lay^ 32, widi a peel-off 
paper strip 34 normally provided to cover and protect the adhesive layer 32, until the sensor 

25 set 10 is ready for use. As shown in Figs. 1 and 2, the mounting base 30 includes upper and 
lower layers 36 and 38, with the coim^tion portion 24 of the flexible sensor 12 being 
sandwiched between the layers 36 and 38. The connection portion 24 has a forward section 
joined to the active sensing portion 18 of the sensor 12, which is folded angularly to extend 
downwardly through a bore 40 formed in die lower base lay^ 38; In preferred embodunents, 

30 the adhesive layer 32 includes an anti-bacterial agent to reduce the chance of infection; 
however, alternative embodiments may omit the agent In the illustrated embodiment, the 
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mounting base is generally rectangular, but alternative embodiments may be other shapes, 
such as circular, oval, hour-glass, butterfly, irregular, or the like. 

The insertion needle 14 is adapted for slide-fit reception through a needle port 42 
formed in the upper base layer 36 and further through the lower bore 40 in the lower base 
5 layer 38. As shown, the insertion needle 14 has a sharpened tip 44 and an open slot 46 which 
extends longitudmally from the tip 44 at the underside of tfie needle 14 to a position at least 
within the bore 40 in the lower base layer 36. Above the mounting base 30, the insertion 
needle 14 may have a fiill round cross-sectional shape, and may be closed off at a rear end of * 
the needle 14. Further description of the needle 14 and the sensor set 10 are found in U.S. 

10 Patent No. 5,586,553, entided *TRANSCUTANBOUS SENSOR INSERTION SET" and co- 
pending U.S. Patent Application Serial No. 08/871,831, entitled ^DISPOSABLE SENSOR 
INSERTION ASSEMBLY," which are herein incorporated by reference. 

The cannula 1 6 is best shown in Rgs. 6 and 7, and includes a first portion 48 having 
partly-circular cross-section to fit within the insertion needle 14 that extends downwardly 

15 from the mounting base 30. In alternative embodiments, the first portion 48 may be formed 
with a solid core; rather than a hollow core. In preferred embodiments, the cannula 16 is 
constructed from a suitable medical grade plastic or elastomer, such as 
polytetrafluoroethylene, silicone, or the like. The cannula 16 also defines an open lumen 50 in 
a second portion 52 for receiving, protecting and guideably supporting the sensing portion 18 

20 of the sensor 1 2. The cannula 16 has one end fitted into the bore 40 formed in the lower layer 
38 of the mounting base 30, and the cannula 16 is secured to the mountmg base 30 by a 
suitable adhesive, ultrasonic welding, snap fit or other selected attachment mefliod. From the 
mounting base 30, the cannula 16 extends angularly downwardly with the first portion 48 
nested within the insertion needle 14, and termfaiates before the needle tip 44. At least one 

25 window 22 is formed in die lumen 50 near fiie fanplanted end 54, in general alignment witii 
the sensor electrodes 20, to permit direct electrode exposure to tiie user's bodily fluid when 
the sensor 12 is subcutaneously placed. Alternatively, a membrane can cover tius area with a 
pcMTOsity that controls rapid diffusion of glucose through the membrane. 

As shown in Figs. 1, 2 and 8(a), the telraietered characteristic monitor transmitter 100 

30 is coupled to a sensor set 10 by a cable 102 through a connector 104 that is electrically 
coupled to tiie connector block 28 of the connector portion 24 of the sens<»: set 10. In 
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alternative embodiments* the cable 102 may be omitted, and the telemetered characteristic 
monitor transmitter 100 may include an ^ropriate connector (not shown) for direct 
comiection to the connector portion 24 of the sensor set 10 or the sensor set 1 0 may be 
modified to have the connector portion 24 positioned at a different location, such as for 

S example, on the top of the sensor set 10 to facilitate placement of the telemetered 

characteristic monitor transmitter over die subcutaneous sensor set 10. This would minimize 
the amount of skin surface covered or contacted by medical devices, and tend to minimize 
movement of the sensor set 10 relative to the telemetered characteristic monitor transmitter 
100. In further alternative embodiments, the cable 102 and the connector 104 may be formed 

10 as add-on adapters to fit different types of connectors on different types or kinds of sensor 
sets. The use of adapters would facilitate adaptation of the telemetered characteristic monitor 
transmitter 100 to work with a wide variety of sensor systems. In further embodiments, the 
telemetered characteristic monitor transmitter 100 may omit the cable 102 and connector 104 
and is instead optically couple with an implanted sensor, in the subcutaneous, dermal, sub- 

IS dermal, inter-peritoneal or peritoneal tissue, to interrogate the implanted sensor using visible, 
and/or IR frequencies, either transmitting to and receiving a signal from the implanted sensor 
or receiving a signal from the implanted sensor. 

The telemetered characteristic monitor 100 (also known as Potentiostat Transmitter 
Device) includes a housing 106 that supports a printed circuit board 108, batteries 1 10, 

20 antenna 1 12, and the cable 102 witfi the connector 104. In preferred embodiments, the 
housing 1 06 is formed from an upper case 1 14 and a lower case 116 that are sealed with an 
ultrasonic weld to form a waterproof (or resistant) seal to permit cleaning by immersion (or 
swabbing) with water, cleaners, alcohol or the like. In preferred embodiments, the upper and 
lower case 1 14 and 1 16 are formed firom a medical grade plastic. However, in alternative 

25 embodiments, the upper case 1 14 and lower case 1 1 6 may be connected together by other 
methods, such as sns^ fits, sealing rings, RTV (silicone sealant) and bonded together, or the 
like, or formed from other materials, such as metal, composites, ceramics, or the like. In other 
embodiments, the separate case can be eliminated and the assembly is simply potted in epoxy 
or other moldable materials that is compatible with the electronics and reasonably moisture 

30 resistant. In preferred embodiments, the housing 106 is disk or oval shaped. However, in 
alternative embodiments, other shapes, such as hour glass, rectangular or the like, may be 
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used. Preferred embodiments of the housing 106 are sized in the range of 2.0 square inches by 
0.35 inches thick to minimize weight, discomfort and the noticeabiUty of the telemetered 
characteristic monitor transmitter 100 on the body of the user. However. larger or smaDer 
sizes, such as 1.0 square inches and 0.25 inches thick or less, and 3.0 square inches and 0.5 
inches thick or more, may be used. Also, the housing may simply be fonned from potted 
epoxy. or other material, especially if die battery life rehttive to the device cost is long enough, 
or if the device is rechargeable. 

As shown, the lower case 1 16 may have an underside surface coated wife a suitable 
pressure sensitive adhesive layer 1 1 8, with a peel-off paper strip 120 normally provided to 
cover and protect the adhesive layer 1 18, untU the sensor set telemeteied characteristic 
monitor transmitter 100 is ready for use. In ptsSetted embodbnents. die adhesive layer 118 
includes an anti-bacterial agent to reduce the chance of infection: however, alternative 
embodiments may omit the agent In fiir&er altonative end)odim«its, die adhesive layer 1 18 
may be omitted and die telemetered characteristic monitor transmitter 100 is secured to die 
15 body by odier mediods, such as an adhesive overdres^, straps, belts, clips or the like. 

In preferred embodiments, the cable 102 and connector 104 are similar to (but not 
necessarily identical to) shorted versiwis of a cable and connector diat are used to provide a 
standard wired connection betwem the sensw s^ 10 and the diaracteristic mcmitor 200. This 
allows die telemetCTed characteristic monitor transmitter 100 to be used with existrag sensor 
20 sets 10, and avoids the necessity to re-certify die connector portion 24 of die sensor set 10 for 
use witii a wireless connection. The cable 102 should also include a flexible strain reUef 
portion (not shown) to mmhnize stiain on die sensor set 10 and prevent movement of die 
inserted sensor 12, which can lead to discomfort or dislodging of die sensor Mt 10. The 
flexible strain relief portion is mtended to minhnize sensor artifacts generated by user 
movements diat might cause die sensmg area of die sraisor set 10 to move relative to die body 
tissues in contact widi die sensing area of die sensor set 10. 

The printed cirtuit board 108 of die telemetned diaractoistic monitor transmitter 100 
includes a sensor interface 122, processing electronics 124, timers 126, and data fonnatting 
electronics 128, as shown in Fig. 8(b). In prrfened embodfanents, die sensor mterfece 122, 
30 processing electnmics 124. timers 126, and data formatting electronics 128 are formed as 
separate semiconductor chips; however, alternative embodiments may combine die various 



25 
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semiconductor chips into a single customized semiconductor chip. The sensor interface 122 
connects with the cable 102 that is connected with the sensor set 10. In preferred 
embodiments^ the sensor interface is permanently connected to the cable 102. However, in 
alternative embodiments, the sensor interface 122 may be configured in the form of a jack to 
5 accept different types of cables that provide adaptability of the telemetered characteristic 
monitor transmitter 100 to work with different types of sensors and/or sensors placed in 
different locations of the user's body. In preferred embodiments, the printed circuit board 
108, and associated electronics, are capable of operating in a temperature range of 0° C and 
50"* C However, larger or smaller temperature ranges may be used. 

10 Profitably, the battery assembly will use a weld tab design to connect power to the 

system. For example, it can use three series silver oxide 357 battery cells 1 10, or the like. 
However, it is understood that different battery chemistries may be used, such as lithium 
based chemistries, alkaline batteries, nickel metalhydride, or the like, and diffident numbm of 
batteries can be used. In further enibodiments, the sensor interface 122 will include circuitry 

IS and/or a mechanism for detecting connection to the sensor set 10. This would provide the 
capability to save power and to more quickly and efficiently start initialization of the sensor 
set 1 0. In preferred embodiments, the batteries 110 have a life in the range of 3 months to 2 
years, and provide a low battery warning alarm. Alternative embodiments may provide Icmger 
or shorter battery lifetimes, or include a power port, solar cells or an inductive coil to permit 

20 recharging of rechargeable batteries in the telemetered characteristic monitor transmitter 100. 
In preferred embodiments, the telemetted characteristic monitor transmitter 100 
provides power, dux>ugh the cable 102 and cable connector 104 to the sensor set 10. The 
power is used to monitor and drive the sensor set 10. The power connection is also used to 
speed the initialization of the sensor 12, when it is first placed und^ Che skin. The use of an 

25 initialization process can reduce the time for sensor 12 stabilization ftom several hours to an 
hour or less. The preferred initialization procedure uses a two step process. First, a high 
voltage (preferably between 1.0-1.2 volts - although other voltages may be used) is applied to 
the sensor 12 for 1 to 2 minutes (although different time periods may be used) to allow the 
sensor 12 to stabilize. Then, a lower voltage (preferably between 0.5-0.6 volts - although 

30 other voltages may be used) is applied for the letmunder of fte initializadon process (typically 
58 minutes or less). Other stabilization^nitialization procedures using differing currents. 
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currents and voltages, different numbers of steps, or the like, may be used. Other 
embodiments may omit the initialization/stabilization piocess. if not required by the sensor or 
if timing is not a factor. 

At the completion of the stabilizing process, a reading may be transmitted fiom the 
sensor set 10 and the telemetered characteristic monitor transmitter 100 to the characteristic 
monitor 200. and then the user wUI input a calibratmg glucose reading into characteristic 
monitor 200. In alternative embodiments, a fluid containmg a known value of glucose may be 
injected into the site around the sensor set 10, and then the reading is sent to the characteristic 
monitor 200 and the user inputs the known concentration value, presses a button (not shown) 
or otherwise instructs the monitor to caUbrate using the known value. During the calibiation 
process, the telemetered characteristic numiuu- transmitter 100 cbedcs to detomine if the 
sensor set 10 is still connected. If the sensor set 10 is no longer connected, the telemetered 
characteristic monitor transmitter 100 wiU abort the stabilization process and sound an alarm 
(or send a signal to the characteristic monitor 200 to sound an alarm). 
15 Preferably, the transmissions (or telemetry) of flie telemetered charactearistic monitor 

transmitter 100 will contain at least the foUowmg information: a unique ID code Oiat uniquely 
identifies each telemetered characteristic monitor transmittw 100, a sensor characteristic data 
signal representative of the measured characteristic value (e.g., ghicose or the like) from the 
sensor 18 of the subcutaneous sensor set 10, a counter electrode voltage, a low battery flag, 
20 and error detection bits (such as CRQ. Fig. 9 and Table 1 iUustrate a piefened message 

format for the telemetry of the telemetoed dbaractraistic monitor transmitt^ 100. Howevw, it 
will be understood that different message protocols and structures may be used. 
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1. Encoding method: OOK MANCHESIBR (1=1/0. Q=Qil sequence, where 1 = transmitter (TX) on) 

2. Clock race 1024 Hz (512Hz symbol/bit rate). 

3. Message format: 

3 Preamble: 

Message Type: 
Unique ID #: 
Message count #: 
Working Blectrode: 



Low batteiy flag: 
Counter Voltage: 
CRC: 



Total 56 bits (x l/512hz = 109 mS) 

4, , Message TX interval: 300 seconds (5 min) -H 1-16 seconds pseudo-random delay (TX time slot) 
5. TX duty cycle: 56bits»l/512Hz*iy300S*lfel.823fr4 

20 Table 1. Message foimat 



Preferred embodiments utilize a time-slicing transmission protocol. Use of the time 
slicing protocol facilitates the use of multiple signals on the same frequency bands or to the 
same receiver from multiple transmitters. The time-slicing may also be used to obviate the 
25 need for a receiver in the telemetered characteristic monitor transmitter 100. For instance, the 
use of intermittent transmission reduces the amount of power required to operate the 
transmitter 100 and to extend the life of the device. It also saves power in the characteristic 
monitor 200 by reducing the amount of time the characteristic monitor 200 must spend in the 
receive mode, 

30 In preferred embodiments, when the telemetered characteristic monitor transmitter 100 

is connected to the sensor set 10, it detects die connection and is activated. Next, if desired or 
necessary, the telemetered characteristic monitor transmitter 100 initializes the sensor 12 of 
the sensor set 10. After (or in some cases during) initialization, the telemetered characteristic 
monitor transmitter 100 sends out a message of between 100-150 ms length every 5 minutes. 

35 Although other timing intervals ranging from 1 second to 30 minutes may be used. 

Preferably, the message is transmitted in a pseudo-randomly selected time window 
within the 128 seconds following the 5 minute interval. In preferred embodiments, the 
telemetered characteristic transmitter 100 utilizes its own unique ID as a random-seed to set 
up a table of transmission time windows that defines the order in which the telemetered 



4 bits (0101, want only one transition per bit) 
4 bits (1010 = transmitter 100, IS others for pump/ppc protocol) 
16 bits (65536 unique numbers) 
4 bits (also determines TX time slot) 

12 bits (9MSBs + 3 magnitude bits - 16bit range - converted by the 
characteristic monitor 200 into a value reprBsmtative of characterisiic level, 
such as glucose level) 
lbit(0=olc,l=:low) 
7 bits (0-1.2V typ., 8bita/d 3^V FS) 
Sbits 
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Characteristic monitor 100 will transmit a message following the 5 minute interval. The order 
is repeated after the table is set-up. Included in the message sent will be the message count 
number, which indicates where in the sequence of tune windows the telemetered characteristic 
monitor transmitter is currently transmitting. The characteristic monitor 200 uses the unique 
ID code of the telemetered characteristic monitor transmitter 100 to set up a corresponding 
table in the characteristic monitor 200 and the received message count to synchronize the 
characteristic monitor 200 with the current position in the table being used by the telemetered 
characteristic monitor transmitter 100 to predict the next tune window to be used. The use of ' 
pseudo-random time windows prevents multiple transmitters from continuously interfering 
with other transmitUng devices that are temporarily, or inadvertently, synchronized with the 
telemetered characteristic monitor transmitter 100. The characteristic monitor 200 acquires 
the transmitted message, and determines die time window in which the characteristic monitor 
200 must be in a receive mode to acquire the next message. The characteristic monitor 200 
then places itself in tiie receive mode every 5 minutes (although other timing intervals from 1 
15 second to 30 minutes may be used) to receive tiie next message and data from the telemetered 
characteristic monitor transmitter 100 at the next predicted time window. Thus, tiie 
characteristic monitor 200 needs only be m the receive mode for 1 second (i.e.. 1 time 
window); rather tiian 128 seconds (128 time windows). In alternative embodiments, the 
characteristic monitor 200 may not use die unique ID and tiie message count and may remain 
20 in the receive mode during the entire period (e.g., for 128 time windows) during whidi a 

transmission is possible. In addition, otiier embodiments may cause the characteristic monitor 
200 to enter the receive mode 1 time wmdow ahead and stay on for 1 time wmdow longer to 
maximize tiie likelihood of receiving the next transmission. In further alternative 
embodiments, tiie telemetered characteristic monitor transmitter 100 and/or characteristic 
25 monitor 200 may utilize oflier metiiods or numbers to determine when transmission time 
windows are selected. Alternative message time-slicing transmission parameters, such as 
message lengtii, number of time windows, frequenqr of transmissions, or die like, tiiat are 
larger or smaller then tiiose describe above, may also be used. Preferred embodiments 
transmit die data and/or information at a data rate between 1000 Hz to 4000 Bz modulated 
30 onto a high frequency carrier wave. However, alternative embodiments may use smaller or 
larger transmission rates, witii tiie rate being selected based on user environment, power 
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reqmrements, interference issues, redundancy criteria, or the like. 

If a transmitted message is not received by the characteristic monitor 200 after a 
predetermined period of time, an alarm will be sounded or provided. In addition, the 
characteristic monitor 200 may continue to attempt to receive the next message by entering 
5 the receive mode at the next anticipated transmission time or may expand to enter the receive 
mode to cover all time windows until the next message is received 

In another alternative embodimenti if there is little or no likelihood of interference 
from other telemetered characteristic monitor transmitter 100, such as by message length, 
frequency selections or the like, the telemetered characteristic monitor transmitter 100 may 

1 0 transmit at one time window for all cases (typically the chdce of window may be randomly 
selected at connection of a sensor set 10 or set at the factory). This permits the characteristic 
monitor 200 to be in the receive mode for even shorter periods of time (i.e., approximately 
200 ms to bracket the telemetered characteristic monitor transmitter 100 transmission instead 
of the 128 seconds (or 1 second if able to predict the next time window) needed to bracket 128 

15 windows) to conserve power in the characteristic monitor 200. For instance, in this scenario, 
the characteristic monitor 200 will be in a non-receive mode for 299.8 seconds and in a 
receive mode for 200 ms. In particular enibodiments the non-receive mode and receive mode 
periods will be detrained by the message length and expected frequency of transmission* It 
is also noted diat in a system where the receiver must cover a range of time windows, the 

20 receiver may lock on to a particular range of time windows to permit the receiver being in the 
receive mode for shorter periods of time. 

The use of these transmission protocols obviates the need for a transmitter and receiver 
in both the telemetered characteristic monitor transmitter 100 and characteristic monitor 200, 
which reduces costs, simplifies the ^stem design, reduces power consumption and (he like. 

25 However, alternative embodiments may delude tiie c^ability for two-way communication, if 
desirable. In further embodiments, the telemetered characteristic monitor transmitter 100 
transmits continuously and the characteristic monitor 200 enters die receive mode when 
desdred or required to determine a characteristic value, such as a glucose level or the like. 

In preferred embodiments, the telemetered charact^stic monitor transmitter 100 will 

30 have the ability to uniquely identify itself to the characteristic monitor 200. The telemetered 
characteristic monitor transmitter 100 will have an operatuig range to tiie characteristic 



-17- 



wo 00/19887 



PCr/US99/21703 



monitor 200 of at least 10 feet In alternative embodiments, larger or smaller ranges may be 
used, with the selection being dependent on the environment in which the telemetered 
characteristic monitor transmitter 100 will be used, the size and needs of the user, power 
requirements, and the like. 
5 In further alternative embodiments, the telemetered characteristic monitor transmitter 

100 can be combined with a sensor set 10 as a single unit. This would be particularly weU 
adapted where batteries and the transmitter can be made cheaply enough to facilitate changing 
the transmitter 100 with each new sensor set 10. 

As shown in Fig. 10, the characteristic monitor 200 includes a telemetry receiver 202, 

10 a Telemetry Decoder (TD) 204 and a host micro-controller (Host) 206 for communicadon 
with the telemetered characteristic monitor transmitter 100, The TD 204 is used to decode a 
received telemetry signal from the transmitter device and forward the decoded signal to the 
Host 206. The Host 206 is a microprocessor for data reduction, data storage, user interface, or 
the like. The telemetry receiver 202 receives the characteristic data (e.g., glucose data) fixim 

1 5 the telemetered characteristic monitor transmitter, and passes it to the TD 204 for decodfaig 
and formatting. After complete receipt of the data by the TD 204, the data is transfOTed to the 
Host 206 for processing, where calibration information, based upon user entered characteristic 
readings (e.g., blood glucose readings), is performed to detennine the corresponding 
characteristic level (e.g., glucose level) from measurement in the characteristic data (e.g., 

20 glucose data). The Host 206 also provides for storage of historical diaracteristic data, and can 
download the data to a personal computer, lap-top, or the like, via a corn-station, wireless 
connection, modem or the like. For example, in preferred embodiments, the counter electrode 
voltage is included in the message from the telemetered characteristic monitor transmitter 100 
and is used as a diagnostic signal. The raw current signal values generally range from 0 to 

25 999, which represents sensor electrode current in the range between 0.0 to 99.9 nanoAmpeies, 
and is converted to characteristic values, such as glucose values in the range of 40 to 400 
mg/dl. However, in alternative embodiments, larger or smalls ranges may be used. The 
values are then displayed on Ac characteristic monitor 200 or stored in data memory for later 
recall. 

30 The characteristic monitor 200 also includes circuitry m the TD 204 to uniquely mate 

it to an identified telemetered characteristic monitor transmitter 100. In preferred 
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embodiments, the identification number of the telemetered characteristic monitor transmitter 
100 is entered manually by the user using keys located on the characteristic monitor 200. In 
alternative embodiments, the characteristic monitor 200 includes a "learn ID" mode. 
Generally, the "learn ID" mode is best suited for the home environment, since multiple 
5 telemetered characteristic monitor transmitters 100, typically encountered in a hospital setting, 
are less likely to cause confusion in the characteristic monitor 200 when it attempts to learn an 
ID code. In addition, the characteristic monitor 200 will include the ability to learn or be 
reprogrammed to work with a different (or replacement) telemetered characteristic monitor 
transmitter 100. The preferred operating distance is at least 10 feet In alternative 

10 embodiments, larger or smaller ranges may be used, with the selection behig dependent on the 
environment in which the telemetered characteristic monitor transmitter 100 wUl be used, die 
size and needs of the user, power requirements, and the like. Furthermore, if the characteristic 
monitor 200 does not receive a transmission from the identified telemetered characteristic 
monitor transmitter 100 after a certain period of time (e.g., one or more missed transmissions), 

IS an alarm will be sounded. 

In preferred embodiments, the characteristic monitor 200 utilizes a two processor 
system, in which tiie Host 206 is die master processor and tiie TD 204 is a slave processor 
dedicated to telemetry processing. A first communication protocol between the Host 206 and 
the TD 204 is shown in Fig. 1 1 . The first protocol uses a serial peripheral interface (SPI) 208 

20 and two control lines 210 and 212; one control line (chip select - CSPIC) 210 is used by Host 
206 to wake up the TD 204 to initiate telemetry receiving task; and die otiier control line (data 
ready - DR) 2 12 is used by the TD 204 to indicate to die Host 206 that die telemetry data 
from the telemetered characteristic monitor transmitter has been received and is ready to be 
transferred to die HC08 206. Upon receiving data dirougb die SPI 208, the Host 206 sends an 

25 acknowledgment tiirou^ the SPI 208 to the TD 204. In prefrared embodunents, fixed lengdi 
data blocks are used. However, in alternative embodiments, variable lengtii data blocks may 
be used. In preferred embodiments* the Host 206 may pull die Chip Select (CSPIC) 210 high 
at any time to abort the telemetry data transfer from die TD 204. Alternatively, an additional 
line (not shown) may be used to reset die TD 204. Fig. 12 shows a second, more complex, 

30 alternative protocol diat is used by die Host 206 and die TD 204. 

In alternative embodiments, the TD 204 and Host 206 may be combined togedier in a 
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Single semiconductor chip to obviate the need for dual processors and to reduce the space 
needed for the electronics. In further embodiments, the functions of the TO 204 and Host 206 
may be allocated differently between one or more processors. 

As shown in Fig. 2, the characteristic monitor may include a display 214 that is used to 
display the results of the measurement received from the sensor 1 8 in the sensor set 10 via the 
telemetered characteristic monitor transmitter 100. TTie results and information displayed 
includes, but is not limited to, trending information of the characteristic (e.g., rate of change of 
glucose), graphs of historical data, average characteristic levels (e.g., glucose), or the like. 
Alternative embodiments mclude the ability to scroll through the data. The display 214 may 
also be used with buttons (not shown) on the characteristic monitor to program or update data 
in the characteristic monitor 200. It is noted that the typical user can be expected to have 
somewhat diminished visual and tactile abilities due to complications from diabetes or oflier 
conditions. Thus, the display 214 and buttons should be configured and adapted to the needs 
of a user mth diminished visual and tactile abilities. In alternative embodiments, tiie value 
15 can be conveyed to the user by audio signals, such as beeps, speech or the like. Still furtha* 
embodiments may use a touch screen instead of (or in some cases addition to) buttons to 
facilitate water proofing and to ease changes in the characteristic monitor 200 hardware to 
accommodate improvements or upgrades. 

Preferably, tiie characteristic monitor uses batteries (not shown) to provide power to 
20 the characteristic monitor. For example, a plurality of silver oxide batteries may be used. 
However, it is understood that different battery chemistries may be used, such as lithium 
based, alkaline based, nickel metalhydride, or tiie like, and different numbers of batteries can 
be used. In preferred embodiments, tiie batteries have a life in die range of 1 month to 2 years, 
and provide a low battery warning alarm. Alternative embodiments may provide longer or 
25 shorter battery iiieiimes, or include a power port, solar cells or an induction coil to permit 
recharging of rechargeable batteries in tiie characteristic monitor 200, In prefened 
embodiments, die batteries are not replaceable to facilitate watecproofing ttie housing 106. 

In further embodiments of ttie present invention, tiie characteristic monitor 200 may be 
replaced by a different device. For example, in one embodiment, die telemetered 
30 characteristic monitor transmitter 100 communicates witti an RF programme (not shown) tiiat 
is also used to program and obtain data from an inftision pump or die like. The RF 
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programmer may also be used to update and program the transmitter 100, if the transmitter 
100 includes a receiver for remote programming, calibration or data receipt. The RF 
programmer can be used to store data obtained fix>m the sensor 1 8 and then provide it to either 
an infusion pump, characteristic monitor, computer or the like for analysis. In further 
5 embodiments, the transmitter 100 may transmit the data to a medication delivery device, such 
as an infusion pump or the like, as part of a closed loop system. This would allow the 
medication delivery device to compare sensor results with medication delivery data and either 
sound alarms when appropriate or suggest corrections to the medication delivery regimen. In 
prefened embodiments, the transmitter 100 would include a transmitter to receive updates or 

10 requests for additional sensor data. An example of one type of RF progranmier can be found 
in U.S. Patent Application Serial No. 60/096,994 filed August 1 8, 1998 and is entifled 
"INFUSION DEVICE WITH REMOTE PROGRAMMING, CARBOHYDRATE 
CALCULATOR AND/OR VIBRATION ALARM CAPABILmES." or U.S. Patent 
AppiicaUon Serial No. 09/334,858 filed June 17, 1999 and is entitled ''EXTERNAL 

15 INFUSION DEVICE WITH REMOTE PROGRAMMING, BOLUS ESTIMATOR AND/OR 
VIBRATION ALARM CAPABILnTBS," both of which are herein incorporated by reference. 

In further embodiments, the telemetered characteristic monitor transmitter can include 
a modem, or the like, to transfer data to and from a healthcare professional. Further 
embodiments, can receive updated programming or mstructions via a modem coiuiection. 

20 In use, the sensor set 1 0 permits quick and easy subcutaneous placement of the active 

sensing portion 18 at a selected site within the body of the user. More specifically, the peeN 
off strip 34 (see Fig. I) is removed firom the mounting base 30, at whidi time the mounting 
base 30 can be pressed onto and seated upon the patient's skhi. During this step, Ae ins^on 
needle 14 pierces die user's skin and carries the protective cannula 16 with the sensing portion 

25 18 to the appropriate subcutaneous placement site. During insertion, the cannula 16 provides 
a stable support and guide structure to carry the flexible sensor 12 to the desired placement 
site. When the sensor 12 is subcutaneously placed, with the mounting base 30 seated upon the 
user's skin, the insertion needle 14 can be slidably withdrawn from the user. During this 
withdrawal step, the insertion needle 14 slides over the first portion 48 of the protective 

30 cannula 16, leaving the sensing portion 18 with electrodes 20 directly exposed to the user's 
body fluids via the wmdow 22. Further description of the needle 14 and the sensor set 10 are 
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found in U.S. Patent No. 5.586^53. entitled "TRANSCUTANEOUS SENSOR INSERTION 
SET*; co-pending U.S. Patent Application Serial No. 08/871,831, entitled 'DISPOSABLE 
SENSOR INSERTION ASSEMBLY"; and co-pending U.S. Patent Application Serial No. 
09/161 .128, filed September 25, 1998, entitled "A SUBCUTANEOUS IMPLANTABLE 

5 SENSOR SET HAVING THE CAPABILITY TO REMOVE OR DELIVER FLUIDS TO AN 
INSERTION SITE," which are herein incoiporated by reference. 

Next, the user connects the connection portion 24 of the sensor set 10 to tba cable 102 
of the telemetered characteristic monitor transmitter 100. so that the sensor 12 can then be 
used over a prolonged period of time for taking blood chemistry or other characteristic 

10 readings, such as blood glucose readings in a diabetic patient Preferred enibodimBnts of the 
telemetered characteristic monitor transmitter 100 detect the connection of the sensor 12 to 
activate the telemetered characteristic monitor transmitter 100. For instance, connection of 
the sensor 12 may activate a switch or close a circuit to turn the telemetraed characteristic 
monitor transmitter 100 on. The use of a connection detection provicfes &c capabQi^ to 

15 maximize the batteiy and shelf life of the telemetered characteristic monitor transmitter prior 
to use, such as during manufacturing, test and storage. Alternative enibodiments of the 
present invention may utilize an on/off switch (or button) on the telemeteced characteristic 
monitor transmitter 100. 

The transmitter 100 is then afBxed to the user's body with an adhesive ovwdressing, 

20 Alternatively, the peel-off strip 34 (see Fig. 1) is removed ftom the lower case 1 16, at which 
time the lower case 1 1 6 can be pressed onto and seated upon the patiMit's skin. The us» then 
activates the transmitter 100, or the transmitter is activated by detection of the connection to 
the sensor 12 of tibie sensor set 10. Gerierally, the act of connecting (and disconnecting) the 
sensor 12 activates (and deactivates) flie telemetered characteristic monitor 100, and no other 

25 interface is requited. In altanative st^, the SMisor set 10 is connected to the transmitter 100 
prior to placement of the sensor 12 to avoid possible movement or dislodging of the sensor 12 
during attachment of flie transmitter 100. Also, the transmitter may be attadied to the user 
prior to attaching the sensor set 10 to the transnutt^ 100. 

The user then programs the characteristic monitor (or it leams) the identification of the 

30 transmitter 100 and verifies proper qperation and caliteation of the transmitter 100. The 
characteristic monitor 200 and transmitter 100 then weak to transmit and receive sensor data 
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to detennine characteristic levels. Thus, once a user attaches a transmitter 100 to a sensor set 
10, the sensor 12 is automatically initialized and readings are periodically transmitted, 
together with other information, to the characteristic monitor 200. 

After a sensor set 10 has been used for a period of time, it is replaced. The user will 
5 disconnect the sensor set 10 from the cable 102 of the telemetered characteristic monitor 
transmitter 100. In preferred embodiments, the telemetered characteristic monitor transmitter 
100 is removed and posited adjacent the new site for a new sensor set 10. In alternative 
embodiments, the user does not need to remove the transmitter 100. A new sensor set 10 and 
sensor 12 are attached to the transmitter 100 and connected to the user's body. Monitoring 

10 then continues, as with the previous sensor 12. If the user must replace the telemetered 
. characteristic monitor transmitter 100, the user disconnects the transmitter 100 from the 
sensor set 10 and the user's body. The user then connects a new transmitter 100, and 
reprograms the characteristic monitor (or learns) to work with the new transmitter 100. 
Monitoring then continues, as with the previous sensor 12. 

15 Additional embodiments of the present invention may include a vibrator alarm (or 

optional indicator such as an L.E.D.) in either or both the telemetered characteristic monitor 
transmitter 100 and the characteristic monitor 200 to provide a tactile (vibration) alarm to the 
user, such as sensor set malfunction, improper connection, low battery, missed message, bad 
data, transmitter interference, or the like. The use of a vibration alarm provides additional 

20 reminders to an audio alamnu which could be important wi& someone suffering an acute 

reaction, or to have non-audio alarms to preserve and conceal the presence of the telemetered 
characteristic monitor system 1. 

While the description above refers to pardcular embodiments of the present invention, 
it will be understood that many modifications may be made without departing from the spirit 

25 th^of. The accompanying claims are intended to cover such modifications as would fall 
within the true scope and spirit of the present invention. 

The presentiy disclosed embodiments are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the invention being indicated by the appended 
claims, ratiier than the foregoing description, and all changes which come within the meaning 

30 and range of equivalency of the claims are therefore intended to be embraced therein. 
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1 . A telemetered characteristic monitor system for monitoring a characteristic of a user, 

the system comprising: 

a remotely located data receiving device; 

a sensor for producing a signal indicative of the characteristic of the user, and 
a transmitter device including: 
a housing; 

a sensor connector coupled to the housing and that is connectable to the sensor ' 
to receive signals from the sensor; 

a processor within the housing coupled to the sensor connector to process tiie 
signals from the sensor for delivery to the remotely located data receiving device; and 

a transmitter coupled to the processor for wirelessly transmitting the processed 
signals to the remotely located data receiving device. 

2. A telemetered characteristic monitor system according to claim 1, wh^in the 
transmitter transmits the processed signals by radio frequendes. 

3. A telemetered characteristic monitor systen according to claim 1. wherein fee sensor 
is implantable in tissue selected from the group consisting essentially of subcutaneous, 
dermal, sub-dermal, intra-peritoneal and peritoneal tissue, and wherein the sensor connector 
includes a cable that is connected to the sensor. 

4. A telemetered characteristic monitor system according to claim 3, wherein the sensor 
is configured for a wired connection to a characteristic monitor, and wh^in the sensor 
connector of the transmitter device is formed to connect to the configured sensor to obviate 
the need for a wired connection to the characteristic monitor. 

5. A telemetered characteristic monitor system accordmg to claim 1 , wherein the sensor 
is a percutaneous sensor, and wherein die sensor connector includes a cable that is connected 
to the percutaneous sensor, 

6. A telemetered characteristic monitor system according to claim 5, wherein tiie 
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percutaneous sensor is configured for a wired connection to a characteristic monitor, and 
wlierein the sensor connector of the transmitter device is formed to connect to the configured 
percutaneous sensor to obviate the need for a wired connection. 

5 7. A telemetered characteristic monitor system according to claim 1, wherein the sensor 
is a skin surface sensor, and wherein the sensor connector includes a cable that is connected to 
the skin surface sensor. 

8. A telemetered characteristic monitor system according to claim 7, wherein the skin 
10 surface smsox is configured for a wired connection to a characteristic monitor, and wherein 

the sensor connector of the transmitter device is formed to connect to the configured skin 
surface sensor to obviate the need for a wired connection. 

9. A telemetered characteristic monitor system according to claim 1, wherein the 

I S transmitter device further incluctes a receiver to receive data and instructions from the data 
receiving device. 

10. A telemetered characteristic monitor system according to claim U wherein the data 
receiving device is a data receiver that also provides data to another device. 

20 

11. A telemetered characteristic monitor system according to claim 1 , wherein the data 
receiving device is an RF programmer for a medical device. 

12. A telemetered characteristic monitor system according to claim 1, wherein the data 
25 receiving device is a characteristic monitor. 

13. A telemetered charact^stic monitor system according to claim 1 , wherein the data 
receiving device is a medication delivery device. 

14. A telemetered characteristic monitor system according to claim 13, wherein the 
30 medication delivery device is an infusion pump. 

15. A telemetered characteristic monitor system according to claim 1 , wherein the power 
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to the sensor is applied through the sensor connector. 

16. A telemetered characteristic monitor transmitter device according to claim 1. wherein 
the telemetered characteristic monitor transmitter is activated by detection of a connection of 

5 the sensor to the sensor connector. 

1 7. A telemetered characteristic monitor transmitter device according to claim 1, further 
including a relay device, between the transmitter and data receiving device, to receive 
processed signals from die transmitter and relay them to the data receiving device. 

10 

1 8. A telemetered characteristic monitor transmitter device according to claim 17, wheiein 
the relay device increases a maximum distance by amplifying the processed signals from the 
transmitter to be received by the remotely located data receiving device. 

15 J 9. A telemetered characteristic monitor transmitter device according to claim 18, wheiein 
the relay device enables the remotely located data receivmg device to be located in a different 
room than the transmitter. 



20. A telemetered characteristic monitor transmitter device according to claim 16, wheiein 
20 the relay device includes a teleconununication device, and wherem when the transmitter 

generates an alarm which the teleconmiunication device transmits the alarm to a remotely 
located receiving station. 

21 . A telemetered characteristic monitor transmitter device for use in a system with a 
25 remotely located characteristic monitor and a sensor producing a signal indicative of a 

characteristic of a user, the transmitter device comprising: 
a housing; 

a sensor connector coupled to the housing and that is connectable to the sensor to 
receive the signal from the sensor; 
30 a processor within tiie housing coupled to the sensor connector to process the signal 

from the sensor for delivery to the remotely located characteristic monitor; and 
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a transmitter coupled to the processor for wirelessly transmitting the processed signals 
to the remotely located characteristic monitor. 

22. A telemetered characteristic monitor transmitter device according to claim 2 1 , wherein 
S the transmitter transmits the processed signals by radio frequencies. 

23. A telemetered characteristic monitor transmitter device according to claim 21 , wherein 
the sensor is implantable in tissue selected from the group consisting essentially of 
subcutaneous, dermal, sub-dermal, intra-peritoneal and peritoneal tissue, and wherein the 

10 SCTsor connector inchides a cable that is connected to the sensor. 

24. A telemetered characteristic monitor transmitter device according to claim 23, wherein 
die sensor is configured for a wked connection to a characteristic monitor, and wherein die 
sensor connector of the transmitter device is formed to connect to the configured sensor. 

15 

25. A telemetered characteristic monitor transmitter device according to claim 21, wherein 
the sensor is a percutaneous sensor, and wherein the sensor connector includes a cable that is 
connected to the percutaneous sensor. 

20 26. A teleraetered charactmstic monitor transmitter device according to claim 25, wherein 
the percutaneous sensor is configured for a wired connecdon to a characteristic monitor, and 
wherein the sensor connector of the transntiitter device is formed to connect to the configured 
percutaneous sensor to obviate the need for a wired connection. 

25 27. A telemetered charact^tic monitor system according to claim 21 , wherein the sensor 
is a skin surface sensor, and wherein the sensor connector includes a cable that is connected to 
the skin surface sensor. 

28. A telemetered characteristic monitor transmitter device according to claim 27, wherein 
30 the skin surface sensor is configured for a wired connection to a characteristic monitor, and 
wherein the sensor connector of the transmitter device is formed to connect to the configured 
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Skin surface sensor to obviate the need for a wired connection to the characteristic 



monitor. 



29. A telemetered characteristic monitor transmitter device according to claim 21. further 
including a receiver to receive data and instructions from the characteristic monitor, 

5 

30. A telemetered characteristic monitor transmitter device according to claim 21, wherein 
the housing includes a bio-compatible adhesive to secure the housing to a skin surface of the 
user. 

10 3 L A telemetered characteristic monitor transmitter device according to claim 30, \i4ierein 
the bio-compatible adhesive contains an anti*bacterial material. 

32. A telemetered characteristic monitor transmitter device accordmg to claim 21, wherein 
the housing is secured to a skin surface of tiie user by an adhesive overdressing. 

15 

33. A telemetered characteristic monitor transmitter device according to claim 21, wherein 
the housing is less than about 3.0 inches in diameter by 0.5 inches thick. 

34. A telemetered characteristic monitor transmitter device according to claim 21. wherein 
20 the housing is resistant to fluids when immersed in a fluid. 

35. A telemetered characteristic monitor transmitter device according to claim 21, wherein 
the device is operable in a temperature range of 0**C to 50**C. 

25 36. A telemetered characteristic monitor transmitter device according to claim 2 1 , wherein 
the device has an operable life of at least 3 months. 

37. A telemetered characteristic nronitor transmitter device according to claim 21, whwein 
power to the sensor is applied through the sensor connector. 

30 38. A telemetered characteristic monitor transmitter device according to claim 21, wherein 
the telemetered characteristic monitor transmitter is activated by detection of a connection of 
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39. A telemetered characteristic monitor transmitter device according to claim 2 1 , further 
including a relay device, between the transmitter and data receiving device, to receive 

S processed signals from the transmitter and relay them to the data receiving device. 

40. A telemetered charact^stic monitor transmitter device according to claim 39. wherein 
the relay device increases a maximum distance by amplifying the processed signals from the 
transmitter to be received by the remotely located data receiving device. 

10 

41 . A telemetered characteristic monitor transmitter device according to claim 40, wherein 
die relay device enables the remotely located data receiving device to be located in a different 
room than the transmitter. 

15 42. A telemetered characteristic monitor transmitter device according to claim 39, wherein 
the relay device includes a telecommunication device, and wherein when the transmitter 
generates an alarm which the telecommunication device transmits the alarm to a remotely 
located receiving station. 

20 43. A method of calibrating and speeding stabilization of an analyte sensor, die method 
comprising the steps of: 

providing power to the analyte sensor; 

applying a high power characteristic to the analyte sensor for a first predetermined 
period of time; and 

25 applying a low power characteristic to the analyte sensor for a second predetermined 

period of time. 

44. Tlie method according to claim 43, wherein the high power diaracteristic and the low 
power characteristic are voltages. 

45. The method according to claim 43, wherein the high power characteristic is a voltage 
30 greater than 1 .0 volts. 
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46. The method according to claim 43, wherein the low power characteristic is a voltage 
less than 0.8 volts. 

47. The method according to claim 43, wherein the high power characteristic is a voltage. 

5 

48. The method according to claim 43. wherein the low power characteristic is a voltage. 

49. The method according to claim 43, wherein the high power characteristic and the low ' 
power characteristic are currents. 

10 

50. The method according to claim 43, wherein the power characteristic is a cunent 

5 1 . The method according to claim 43, wherein fte low power characteristic is a current 

15 52. The method according to claim 43, wherein the first predetermmed period of time is 
between 0.5 to 10 minutes. 

53. The method according to claim 43, wherein the first predetermined period of time is 
under 10 minutes. 

20 

54. The method according to claim 43, wherein the second predetermined period of time is 
under 60 minutes. 

55. The method according to claim 43, wherein the second predetermined period of time is 
25 under 120 minutes. 

56. A telemetered characteristic monitor system for monitoring a characteristic of a user, 
the system comprising: 

a remotely located data receiving device; 

a: sensor for producing a signal indicative of the characteristic of the user; and 
30 a transmitter device including: 

a housing; 
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a sensor interrogator coupled to the housing and that is optically coupleable to 
the sensor to receive signals from the sensor; 

a processor within the housing coupled to the sensor interrogator to process the 
signals from the sensor for delivery to the remotely located data receiving device; and 
5 a transmitter coupled to the processor for wirelessly transmitting the processed 

signals to the remotely located data receiving device. 

57. A telemetered characteristic monitor system accordhfig to claim 56, wherein the 
transmitter transmits the processed signals by radio frequencies. 

10 

58. A telemetered characteristic monitor system according to claim 56, wherem the sensor 
is implantable in tissue selected from the group consisting essentially of subcutaneous, 
dermal, sub-dennal, intra-peritoneal and peritoneal tissue, and wherein die sensor intOTogator 
includes an optical receiver that optically couples to the sensor. 

15 

59. A telemetered characteristic monitor system according to claim 56, wherein the 
transmitter device further includes a receiver to receive data and instructions from the data 
receiving device. 

20 60. A telemetered characteristic monitor system according to claim 56, wherein the data 
receiving device is a data receiver that also provides data to another device. 

61. A telemetered characteristic monitor system according to claim 56, wherein the data 
receiving device is an RF programmer for a medical device. 

25 

62. A telemetered characteristic monitor system according to claim 56, wherein the data 
receiving device is a characteristic monitor. 

63. A telemetered characteristic monitor system accordmg to claim 56, wherein the data 
30 receivuig device is a medication delivery device. 
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64. A telemetered characteristic monitor system according to claim 63, wherein the 
medication delivery device is an infiision pump, 

65. A telemetered characteristic monitor transmitter device according to claim 56, further 
including a relay device, between the transmitter and data receiving device, to receive 
processed signals from the transmitter and relay them to the data receiving device. 

66. A telemetered characteristic monitor transmitter device according to claim 65, wherein 
the relay device increases a maximum distance by amplifying the processed signals from the 
transmitter to be received by the remotely located data receiving device. 

67. A telemetered characteristic monitor transmitter device according to claim 66, wherein 
the relay device enables the remotdy located data receiving device to be located in a different 
room than the transmitter. 

68. A telemetered characteristic monitor transmitter device according to claim 56, wherein tfie 
relay device includes a telecommunication device, and wherein when the transmitter 
generates an alarm which the tdecommunication device transmits the alann to a remotely 
located receiving station. 



69. A telemetered characteristic monitor transmitter device for use in a system with a remotely 
located characteristic monitor and a sensor producing a signal indicative of a characteristic 
of a user, the transmitter device cotnprising: 
a housing; 

25 a sensor interrogator coupled to the housing and that is optically coupleable to the 

sensor to receive the signal from the sensor; 

a processor within the housing coupled to the sensor interrogator to process the signal 
from the sensor for delivery to the remotely located characteristic monitor, and 

a transmitter coupled to the processor for wirelessly transmitting the processed signals 
30 to the remotely located characteristic monitor. 



-32- 



wo 00/19887 



PCTAJS99y21703 



70. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
the transmitter transmits the processed signals by radio frequencies. 

71. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
5 the sensor is implantable in tissue selected from the group consisting essentially of 

subcutaneous, dermal, sub-dermal, intra-peritoneal and peritoneal tissue, and wherein the 
sensor interrogator includes an optical receiver that is coupleable to the sensor. 

72. A telemetered characteristic monitor transmitter device according to claim 69, further 
10 including a receiver to receive data and instructions from the characteristic monitor. 

73. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
the housing includes a bio-compatible adhesive to secure the housing to a skin surface of the 
user. 

15 

74. A telemet^ed characteristic monitor transmitter device according to claim 73, wherein 
the bio-compatible adhesive contains an anti-bacterial material. 

75. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
20 the housing is secured to a skin surface of the user by an adhesive overdressing. 

76. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
the housing is less than about 3.0 inches in diameter by 0.5 inches thick. 

77. A telemettt^ diaracteristic monitor transmitter device according to claim 69, wherein 
25 the housing is resistant to fluids when imm^ed in a fluid. 

78. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
the device is operable in a temperatute range of QPC to SO^C. 

79. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
30 the device has an operable life of at least 3 months. 
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78. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
power to the sensor is applied through the sensor connjector, 

79. A telemetered characteristic monitor transmitter device according to claim 69, further 
5 including a relay device, between the transmitter and data receiving device, to receive 

processed signals from the transmitter and relay them to the data leceiving device. 

80. A telemetered diaracteristic monitor transmitter device according to claim 69, wh^ein 
the relay device increases a maximum distance by amplifying the processed signals from the 

10 transmitter to be received by the remotely located data receiving device. 

81. A telemetered characteristic monitor transmitter device according to claim 80, wherein 
the relay device enables the remotely located data receiving device to be located m a different 
room than the transmit^r. 

15 

82. A telemetered characteristic monitor transmitter device according to claim 69, wherein 
the relay device includes a teleconmnmications device, and wherein when the transmitter 
generates an alarm which the telecommunications device transmits the alarm to a remotely 
located receiving station. 

20 



25 



30 
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